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1. TINTRODUCTION

This overview will attempt to summarize our present knowledge of the
plasma distributions which obtain in the auroral and polar cap regions. As
such, little will be said about the theory of auroral plasmas. The intent is
to present a reference description of the plasma regime that the theory and
simulations must contend with. Given the shortness of this report, the topics
are not covered in detail. A fairly detailed reference list has been included
so that the reader can easily find the most recent and detailed {nformation.
The report treats the electron observations first (Section 2) and then the
ion observations (Section 3). Each major section is broken down into subsec-
tions with the electron subsections covering the different auroral regions
according to local time and latitude and type of precipitation. The {ion
section emphasizes 1onospheric 1on outflow and distinguishes between the

energetic and polar wind ion outflow. The energetic ion outflow discussion is

further divided into sections on conics and field~aligned besms.
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I 2. ELECTRON PRECIPITATION

2.1 DIFFUSE AURORA

The diffuse aurora appears as a broad band of weak auroral luminosity

i extending around the auroral zone. Simultaneous observations of the diffuse
auroral precipitation and the equatorial central plasma sheet fluxes show that
the central plasma sheet 1is the source of the precipitating particles. No
acceleration is required to cause the spectral characteristics of the central

i plasma sheet and auroral precipitation to match. Meng et al. (1979) found
good agreement between the spectral shapes in the two regions, as is shown in
Figure 1. The electron intensities were similar. They concluded that the
precipitation did not require a potential drop, only pitch angle tramsport.

' The equatorward edge of the diffuse aurora generally maps to the inner
' edge of the plasma sheet (Horwitz et al., 1982; Gussenhoven et al., 1983).
This requires that pitch-angle scattering processes are acting to continuously
dump electrons into the loss cone throughout the central plasma sheet region
i and down to the innermost edge of the plasma sheet. It is speculated that the
wave particle interaction which caused the electron precipitation is at the

strong scattering limit,

: Fairfield and Vinas (1984) have argued that the plasma sheet electrons
. - - are frequently not in strodg diffusion. They and others (e.g., Ashour-Abdalla
and Thorne, 1978) have noted that the anisotropies resulting from single
particle motion in the outer magnetosphere are the most likely source of free

energy for the waves which precipitate the electrons. Belmont et al. (1983)

ﬁ argue that the observed electrostatic cyclotron harmonic wave amplitudes in
the equatorial plasma sheet seldom reach the levels required to cause strong

pitch angle scattering. They suggest that other mechanisms may play important

PR

roles in generating the electron precipitation from the plasma sheet required

5 to generate the diffuse aurora.

SR

Thus we are left with the impression that the current wisdom concerning

'
o . . .
I G,

the source and mechanism for generating the electron precipitation for the
. diffuse aurora is generally correct but some questions concerﬁing the details
. . remain. For example, is strong pltch angle diffusion required to provide the

precipitating electron fluences observed at low altitude or are the observed
9
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wave amplitudes and spatial distributions consistent with those required to
supply the precipitation?

2.2 NIGHT SIDE PRECIPITATION

The nightside auroral arc precipitation is dominated by discrete arc
precipitation and 'inverted-V' precipitation regions combined with the diffuse
aurora precipitation (Akasofu and Kan, 1980; Reiff, 1983). The discrete arc

PAEE NP aRERF ERNES < o PR

and 'inverted-V' precipitations show signatures of field-aligned acceleration
) of plasma sheet electrons by 'parallel' electric fields (see Burke, 1982;
i Reiff, 1983; Fennell, 1985 and references therein). The 'iaverted-V' struc-

tures span the range of latitudinal scale leagths from ~ 0.2° to 3° and have a

mean width of ~ 0.5° in invariant latitude (Lin and Hoffman, 1982 and refer-

ences therein). These are wider than discrete arcs or electrostatic shocks.
' Generally, the inverted-V region also corresponds to a region of accelerated
ion outflow (see Sec. 3) and intense wave turbulence (Mozer et al., 1980).
Sometimes the inverted-Vs have embedded in them bursts of intense electron
precipitation associated with the electrostatic shocks (Lin and Hoffman,
1979b; Mizera et al., 1981).

r 1

The kinds of particle distribution functions seen 1in the nightside

auroral zones have been summarized by several authors (see Fennell, 1984 and

¥y v e

references therein). Examples of these distribution functions are shown in
- Figure 2a. Basically, at satellite altitudes the inverted-V electrons show
the peaked energy spectra indicative of a potential drop existing at > few
thousand km altitude on the field line. 1In rare instances the 1inverted-V
signature has been seen at very high altitudes (~ 13 R,, Huang et al.,

1984), 1If the ianverted-V observations are in the acceleration region, as is

IR 4 PR VL

the case in Figure 2a, the resulting enhanced loss cone, field-aligned beam
and a “"trapped” component of the electrons are observed (see Chiu et al.,
1983a and references therein). This indicates that the particle motion {is
i sufficiently adiabatic at the observation altitude to maintain signatures of
the forces which are acting on the particles. These signatures are not always

maintained down to low (few hundred kilometers) altitudes. Often at low

s

LR e

altitudes the particle distributions have been much smoothed by scattering
processes and at very low altitudes by the interaction with the topside of the
atmosphere (Pulliam et al., 1981; Prasad et al., 1983).
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The electron distribution functions measured in the Iinverted-V regions

- are generally consistent with the picture presented by Evans (1974) in which a
hot Maxwellian source distribution is assumed to fall through a potential drop

and interact with the atmosphere producing secondaries and degraded pri-

maries. The upgoiné secondaries and primaries, with energies less than the

potential barrier, are reflected downward to interact with the atmosphere

again (see Pulliam et al., 1981).

One question which is often asked is how stable is the inverted-V accel-
eration process? Auroral arcs are known to persist for tens of minutes, based
Fi on photographic studies (see Reiff, 1983). But it is very difficult to deter-
} mine whether the spatial and temporal character of the precipitating electron
A spectra remains stable for such periods. Rocket flights are too short and the

time between successive polar traversals by a satellite is too long. It is

xnown that the altitudinal distribution of the potential drop varies within an
inverted-V (see Fig. 6 of Fennell et al., 1981). It is not known whether this
distribution is time-stationary. Using the recent combined DE-1 and -2 copla-
nar observations, Thieman and Hoffman (1985) argue that inverted-Vs can remain
reasonably_stable for at least a few minutes and up to 18 minutes. At this

point in time there is no satisfactory answer to the stability question.

There 1is a relétively large collection of plasma observations, taken

predominantly in the nightside auroral region, which do not appear to fit the

simple Evans (1974) picture. For example, intense field-aligned electrons
with steep, unpeaked energy spectra are often observed at the edges of
{nverted-Vs usually at lower altitudes (Bryant, 1978; Wahlen and Daly, 1979; )
Fennell et al., 1981, Collin et al., 1982; Bryant, 1983). Also, at times the -fF
{nverted-V precipitating electrons just below the peak of the energy spectrum ] )
are field-aligned, not {isotropic, as 1is expected for secondary electrons. »
Thus 1t 1is argued they are primary downgolng particles (see Bryant, 1983).
Finally, there are double peaked inverted-V precipitating electron energy

spectra (Hoffman and Lin, 1981; Arnoldy, 1981). Examples of both of these ;"1
latter characteristics are shown in Figure 3. These data were taken at rela- flzj
tively low altitudes. Generally, wave-particle interactions are called upon iéf
to explain such auroral electron distributions (Lin and Hoffman, 1979b; ' ;t
Bryant, 1983; Bingham et al., 1984; and references therein). When the wave ?“;
observations are examined {t {s often found that the waves do not carry enough ?;:i

"
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energy to provide the necessary acéeleration (Gurnett and Frank, 1977) to :i}
explain such particle observations. Part of the difficulty lies with insuffi-
cient simultaneous high-resolution wave and particle data., Thus we are left
with a set of nightside auroral observations for which there are no generally

accepted explanations.

The general picture for the nightside that one gets from examining the

wealth of precipitating electron data available and the DC and AC electric
field results is: the narrow discrete auroral arcs correspond to the intense
latitudinally narrow regions of electron precipitation and the broader ‘'arcs'
correspond to the inverted-V precipitation. The narrow arcs may correspond
with electrostatic shocks. At ieast, the shock scale lengths are comparable
to that of the narrow arcs. Recently, Kletzing et al. (1983) has shown evi-

dence that the electrostatic shocks are indeed correlated to discrete arcs.

v ',.'rr'vvv,v.vf‘-, —— Lan
s et . ST

2.3 MORNING SIDE AURORA

The morning side aurora appears to be a relatively broad region of emis-

sion composed of different forms. There are the rare higher latitude arcs
which often extend from the dayside or nightside (Akasofu and Kan, 1980;
Akasofu, 1981) and which are caused by relatively soft and structured electron
precipitations. The source region electron sgpectra of the high latitude arc
precipitation can be characterized as magnetosheath or boundary-plasma-sheet-
like. There are also the hard precipitating electrons at lower latitudes,
which are usually uniform but can take a structured appearance at the recovery
phase of the substorms. The recovery 1is often associated with the hard and
intense mantle aurora precipitation which spreads through local morning from
the nightside (Hoffman and Burch, 1973; Meng and Akasofu, 1983). Often these
low-latitude precipitations are patchy in nature. The patches are often
associated with pulsations (Johnstone, 1978; Roywick and Davis, 1977). Al-
though the morning discrete arcs are rare, when they occur they appear, opti-
cally, much as other discrete arcs. Of course, the diffuse auroral precipita-

tion also occurs on the morning side.

v 't
‘a'ala's

Because the morning side also contains the pulsating aurora it has been

.
a2

.
L
v % e )

the focus of investigations to understand how the pulsating electron precipi-

tation 1s generated (Berkey,‘ 1980; Sandahl et al., 1980; Sandahl, 1984). ?{3*
There 1is evidence that these pulsating aurora undergo E x B drift motion -ff?
5 B
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(Scourfield et al.', 1983) and drift with the background plasma. Many of the ol
features of pulsating aurora have been summarized by Roywik and Davis (1977) ) ’-".'3
and in Sandahl's (1984) thesis. It is known to occur, typically, at the _‘,:-:]
recovery phase of substorms. The variati'on of the electron precipitation . "..g
tends to be only at the higher energies (> few keV and extending to many tens ':‘-_:‘
of keV). An example of the electron spectra at the maximum and minimum pre- f;_,r_.‘
cipitation intensity is shown in Figure 4. At the peak intensity the angular ".‘
distribution becomes isotropic or slightly field-aligned over the downgoing \
hemi sphere.
Generally the flux changes are ascribed to modulation of the pitch angle ;-.n.n

scattering in the equatorial plane via Doppler shifted gyro resonance with
whistler mode waves (see Kennel and Petschek, 1966; Johnstone, 1978, 1983).

Recently, Romich and Deehr (1984) have shown a relationship between the pulsa—
tion period and the intensity of the ion precipitation. They also noted the ks
duration of the pulses was relatively constant but that the time between A
pulses varied thus causing the period to vary. Several modulation mechanisms E:::-:::
have been put forward (see Sandahl, 1984) but so far they all leave unanswered ”
questions when compared to the observations. -

The morning side discrete auroral arcs embedded in the diffuse precipita-
tion generally do not show the monoenergetic peak in the electron precipita-
tion that is associated with the nightside arcs (see Fig. 3 of Chiu et al,,
1983). Thus the morning side auroral zone arcs are not due to potential e
drops. This has left the question of how the arc forms unangwered. Chiu et :
al. (1983b) attempted to answer this question by considering the spatial
modulation of the plasma-sheet warm plasma density by the mirror instabili-
ty. This 1s still a topic that could use some theoretical work. More ob- _L-—
servations of the character of electron precipitation in these particular

morning side arcs would also be helpful.

Inverted-V type precipitation does occur, rarely, on the poleward edge of
the morning side aurora. Questions remain as to whether these precipitations
always map to the boundary layer of the plasma sheet or whether they are ever
magnetosheath plasma (Hoffman and Lin, 1981; Chiu et al., 1985). These points

are discussed in Section 2.5.
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2.4 DAYSIDE PRECIPITATION

The dayside electron précipitation can be identified as two general
types: the soft cusp precipitation and the harder dayside auroral zone. The
cusp electron precipitation coincides with a magnetosheath like ion precipita-
tion and is generally found at higher latitudes than the dayside auroral zone
(see Reiff, 1983; Fennell, 1985 and references therein). The cusp electron
precipitation is intense and of relatively low energy (< 1l keV). The source
of the cusp precipitation 1is generally stated to be the magnetosheath. The
mechanisms for the plasma entry to the cusp have been described as direct
entry on interconnected magnetosheath-magnetosphere fileld lines, diffusive

entry and impulsive entry.

Using ion time of flight and dispersion effects the entry altitude has
been estimated to be ~ 8-20 Re (see Burch et al., 1982; Reiff, 1983). There
are also indications that the cusp 1lons are accelerated during entry to the
cusp (Torbert and Carlson, 1980). The signature of the couvection of plasma
on cusp fileld lines has even been observed in the upflowing ion signatures
(Chappell, 1984; Moore, 1985) and in the precipitating ion energy dispersion
with latitude (Reiff et al., 1980). This latter signature is present when the
IMF 1is southward and is expected in the 'open magnetosphere' model. During
northward IMF the cusp ion access appears to be diffusive (Reiff et al.,
1980).

The cusp electron precipitation 1is normally described as unaccelerated,
Ltsotropic and Maxwellian (Heikkila and Winningham, 1971; Frank and Ackerson,
1972; see also Frank, 1975 and references therein). Yet, there are observa-
tions which deviate from this picture. In particular, Zanetti et al. (1981)
describe the occurrence of field-aligned electron distributions in the cusp.
These distributions occurred in about half the cusp crossings and tended to
lie near the equatorward edge. They did not appear to be consistent with
acceleration by -parallel electric fields (e.g., see Fig. 3 and Table 2 of
Zanetti et al., 1981). While the authors discussed wave particle interactions
as a possible mechanism for forming the field-aligned electron distributions,

they came to no firm conclusions concerning such possibilities.
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2.5 POLAR CAP ELECTRON PRECIPITATION AT
] Thé latitudinal region above the auroral zone is the polar cap region. g?ﬂ
It is generally thought to be a region of open field lines which maps into the ;C;l
magnetotail lobes. Most of the time, a relatively structureless precipitation :g:k
of low energy electrons, “polar rain” (Winningham and Heikkila, 1974), 1s e
observed in this region (see Gussenhoven et al., 1984 and references there-~ gz
in). The polar rain is usually weak (10=2 to 10-3 erg cm~2 s-l) and soft ﬁ’?
(average energy { 100 eV precipitation.) The relative intensity of the polar 7&;3
rain over the two polar gcaps 1s controlled by the Interplanetary Magnetic ;;;f
Field (IMF) direction. The precipitating electron intensity over the northern §?§
(southern) polar cap is greater than that over the southern (northern) polar :ii?
cap for an antisunward (sunward) directed IMF (Mizera and Fennell, 1978; :gifl
Gussenhoven, 1982). This combined with IMF coatrol of the tail lobe fluxes ﬁgg.

(Yeager and Frank, 1976) lead to the conclusion that the polar rain was a
component of the solar wind which gained unimpeded access to the tail lobes
and polar caps (see Mizera and Fennell, 1978). The IMF control was related to : ;13:
the existence of an anisotropy of the solar wind electroans, or 'strahl'. This l
idea has been recently reinforced by Fairfield and Scudder (1985). They
observed the 'strahl' electrons in the magnetotail 1lobes, The observed

distributions were consistent with unimpeded and preferential entry of the

strahl into the polar cap most directly connected magnetically to the sun.

- Figure 5 schematically shows this idea. Not everyone agrees with this picture
of polar rain (Gussenhoven et al., 1984). It remains to examine the angular
distributions of the polar rain in great detail to see Lf the weak pitch angle
anigotropy (~ 5% at 1 Re) which is predicted in the strahl access picture is
seen at lower altitude. DE-1 is probably the best platform for such a study.

More intense electron precipitation 1s also seen 1in the polar caps. e
Winningham and Heikkila (1974) called these “polar showers” and "polar ?:F
squalls”., Usually these structured precipitations are embedded in or anear the

boundaries of the polar rain. The peak precipitation can be relatively

{ntense (~ 0.1 to 1 erg cm=2 s-1) and have average energies of 100-200 eV. -

Hardy (1984) has studied these precipitations and found that they occur pre- &:

dominantly during positive IMF Bz- This kind of relationship has also been ;;{

) noted for the high latitude and polar arcs, which are also often sun aligned ?ﬁ
(Gussenhoven, 1982 and references therein). These sun aligred polar arcs are RO
relatively rare (~ 1Z occurrence probability) and occur most often during :E}i
magnetic quiescence (Ismail et al., 1977). gf ;
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Examination of the electron precipitation over the sun aligned arcs has
shown that the electrons have been accelerated by potential drops (see Fig. 4
of Murphree-et al., 1983; Meng, 1981b). Chiu and Gorney (1983) find that the
polar arcs have the same formation processes as the evening discrete arcs.
Murphree et al. (1983) suggest that the polar rain particles have been accel-
erated to a few hundred eV to generate the arc precipitation. Meng (1981b)
first suggested these were arcs on the poleward edge of the expanded, quiet
auroral oval. Recently, Makita and Meng (1984) have stated that the source
region for these quiet time arcs 1s not completely understood. They argue
that near the dayside it may be the low latitude boundary layer plasma and at
midnight the boundary plasma sheet plasma.

Frank et al. (1982) have reported the observation of a polar arc which
extends from the nightside oval to the midday auroral zone. They have called
this a © aurora. The precipitating electrons associated with this aurora are
similar to those of the oval arcs (see Plate 2 and Fig. 3 of Frank et al.,
1982). They argue this feature may result from a two cell convection in the
polar cap and might require a bifurcation of the magnetotail lobe. Peterson
and Shelley (1984) used the ion composition data in an attempt to distinguish
the source plasma for the @ aufora. While their results provide strong éup-
port for the idea that the arc occurs on fileld lines closing through the
distant plasma sheet or plasma shée: boundary layer, it does not substantiate

. either the model of a bifurcated magnetotail or the expanded oval with an arc
- at the poleward edge. Thus the discussion of source plasma for the sun
aligned polar arcs and the corresponding magnetospheric topology is not yet

complete.

2.6 LOW ENERGY FIELD-ALIGNED ELECTRON DISTRIBUTIONS

Narrowly collimated field-aligned electron distributions at relatively
low energies (< 500 eV) have been observed throughout the auroral regions.
These distributions are usually to be distinguished from the electron beam
assoclated with inverted-Vs which is field aligned only at energies near the
peak of the precipitating electron spectrum. Here we are referring to up-
going, downgoing and counter-streaming field aligned electrdns which generally
have soft monotonic spectra (Fennell et al., 1979; Sharp et al., 1980;
Klumpar, 1981; Collin et al., 1982; Lin et al., 1982, 1984a and references

21
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therein). The counter streaming electrons are least understood. They have
been observed at middle altitudes (Lin et al., 1982, 1984a) and at the equator
(Richardson et al., 1981 and references therein). Figure 2b (upper panel) is

an example of counter streaming electrons in the auroral region.

The upflowing electron beams are often observed at the low latitude edge
of inverted-Vs, and as part of the Region I Birkeland current (Klumpar, 1981;
Burch et al., 1983; Gorney et al., 1985 and references therein). An example
of upflowing electrons is shown in Figure 6. Often these upflowing electron
beams are associated with the conic ion beams (see Section 2.1 and Gorney et
al., 1985). Generally, these upflowing electrons have been accelerated
through relatively small ({ tens of eV) potential drops. Also, the probabil-
ity of observing these beams with existing instruments increases with increas-
ing altitude, up to ~ 6000 km (Collin et al., 1982). This would indicate an
extended potential drop. The evidence for the potential drops has come from
analysis of the distribution functions of the electrons (Klumpar and Heikkila,
1982; Burch et al., 1983) or both electrons and ions (Gorney et al., 1985).
At this point, no direct measurement of a downward electric field has been
made although Mozer (1980) has inferred its existeace from the measuremeats of

the perpendicular electric field.

Downward electron beams are observed almost uniformly in altitude over

the range 3000-8000 km and occur more frequently than upstreaming electrons

(Collin et al., 1982). The limited DE~1 observations indicate that when the
plasma current measured by plasma instruments is compared to the current
measured by the magnetometer that they agree. When the component carried by
the low energy beams 1is compared to the total, it is found that these beams
can carry as much as 40 to 502 of the total current, when they occur.
Generally, the beams are capable of carrying a more significant fraction of

the downward current (Lin et al., 1984a).

The counter streaming electrons observed in the auroral regions have been
classified into two types by Lin et al. (1982). Type 1 are those associated
with an isotopic high energy (2 1 keV) precipitating electron population.
They generally have a two component Maxwellian distribution function and are
fairly stable, existing over a small spatial region. The type 1 may involve
wave particle {interactions (Lin et al., 1982). Type 2 counter streaaming

electrons are beams parallel and antiparallel to the magnetic fleld. They are
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transient and possibly consistent with acceleration and trapping by parallel
electric fields. Ton conics are often observed with the counter streaming
electrons by the S83-3 satellite (Sharp et al., 1980). At the. geomagnetic
equator the counter streaming electrons -are always associated with field-
aligned ion distributions (see Fig. 1 of Richardson et al., 1981). At this

point, the generation mechanisms for these counter streaming electrons 1is not

totally clear.
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3. IONOSPHERIC ION OUTFLOW

3.1 CONICS

Over the past several years it has become clear that ionospheric ions are
often a major source of the plasmasheet and magnetospheric plasma. It has
also become clear that transverse energization of these ions at varying alti-
tudes plays a major role in their being supplied to the outer magnetosphere
with significant energies and fluences (Chiu et al., 1983, 1984; Rosner et

al., 1984 and references therein). Figure 2b (bottom panel) shows a distribu-

tion function for ions that have undergone transverse energization. This kind

of distribution has been called an ion conic.

The transverse energization of ions on high latitude field lines has been
' observed from a few hundred kilometers (Wahlen et al., 1978; Yau et al., 1983)
to 18,000 kilometers (Klumpar et al., 1984; Yau et al., 1984; Winningham and
Burch, 1985) altitude on auroral field lines and even in the far magnetotail
(Sharp et al., 1981, 1983). Initfally, it was thought that the transverse
' . acceleration occurred predominantly below a few thousand kilometers (Gorney et
al., 1981) and on separate flux tubes from regions of parallel acceleration of
ions (Cattell et al., 1979; Gorney et al., 1981).

The upward flowing “ion beams” (see below) had a perpendicular tempera-
' . ture greater than the temperature of the ions in the regions where parallel
: electric fields were known to exist. Thus, it appears a mass selective

acceleration process is acting.

Recently, Klumpar et al. (1984) and Winningham and Burch (1985) have

L observed ion distributions which clearly show the effects of both parallel and

transverse to B accelerations in the process of being transported upwards into
the magnetosphere (see Fig. 7). The parallel acceleration signature was coa-

sistent with an inverted-V structure, indicating both types of acceleration

e e ot

F can occur throughout the auroral zone. Similar observations have been made at

]
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¢

low altitudes (few x 103 km) with transverse heating of thermal and supra-
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thermal {ons being clearly associated with ot outflows (Chappell, 1984; Lock~

wood et al., 1984; Moore et al., 1985). These latter data showed that the
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! . transverse heating can involve the entire thermal plasma to the point that ion
“ring or "torus” distributions are generated. These transversely heated ion

outflows occur in low density (n < 100 co3) regions.
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Figure 7. Oxygen Ion Distribution Function from
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_ tribution (B) adiabatically transformed to region ) e
where magnetic field intensity is a factor of 1.49 R
that at the satellite (after Klumpar et al., 1984).

26 jt:f‘;'_

ST . . . S e e st e N ST e e T B
. T S I P S U A AR T R R R S R A
DL S G S LA L G- P, B, § W, B AP . - AP WL N W T VR N WY YR W NS WP W gy e P




DAMANA AN A A Se Srt s Sk i il gadiieset AR Sl el Sack el auidk-srec avat et et e o

- P L .S LY \‘;1 - . I‘ "‘; ‘.‘ = .L .-“._ l‘..!“lh l' -4‘.- K-A l.- B‘L[.A R.-. = ~. "I.-‘ .l‘ -‘. ‘i ﬁ.ﬂ.‘l

LR el BN i Pt Bt A s A A S A e,

In the dayside auroral region the suprathermal ion source appears as a
field aligned flow dispersed tailward across the polar cap by the convective
1984).

are often bounded by ion conics with the cone angle increasing with distance

flow as sketched in Fig. 8 (Horwitz, On the nightside the ion beams

from the beam region (see Moore et al., 1985)..

The combination of these results leaves us with the impression that the
nightside ion acceleration may go through multiple stages of transverse and
parallel acceleration starting with transverse acceleration at ionospheric
altitudes and passing into parallel and transverse acceleration at different
points up the field line. We also see that the ion transport is affected by
the convection electric fields such that the ions are dispersed throughout the

polar region on tail lobe and plasma sheet field lines (Horwitz, 1984).

Examination of disturbed time data, from polar orbiting satellites, shows
(Fennell, 1985;

The transverse accel-

that conics are seen throughout the central plasma sheet

Winninghar and Burch, 1985) down to the plasma pause.
eration of ions has also been observed near the outer regions of the plasma-
1980, 1982;

When measurements are made with high angular resolution and down to

sphere at the geomagnetic equator (see Horwitz, and references
therein).
very low (< 10 eV) energies, then the combined transverse energizatioa and net
parallel and perpendicular drifts can be separated (Winningham and Burch,

1985).

In rare instances it appears that the accelerated upflowing ions are

capable of carrying significant current. For example, Hellis and Winningham

(1984) have reported a DE-2 observation of upward thermal ion fluxes as high

as 1010 cm™? gec”! ac the edges of inverted-V events. The upwards field

aligned currents were 100 u A m'2 with the upgoing ions contributing more

than 10 u A n2

and at times currents comparable to the observed field aligned
900 km

magnetosphere interface region and may be unique to this region in very

current. The observations were made at near the 1onosphere-

disturbed times.

A recent statistical study at 8-23 x 103 km altitude by Yau et al, (1984)
has shown thar the upflowing ions occur more frequently near the equatorward
At these altitudes the conic
The

edge of the oval and have higher energies there.
ions occurrence shows a dawn-dusk asymmetry favoring the dusk sector.

decreases with altitude relative to H'
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Figure 8. Trajectories of Upflowing Ions in the Polar Magnetosphere
(after Horwitz, 1984).
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conics. In the polar cap the upflowing ions are of relatively low energy but
the outflow rates are significant, ranging from 2-3 x 10-24 s-1 to 3-10 x 10%%
s~l for quiet and disturbed periods, respectively.

The overall 1mbression that transverse energization of ionospheric ions

.1s a fundamental process occurring throughout Ehe higher latitude regions

where significant currents are flowing 1s succinctly stated in a paper by
Winningham and Burch (1985). These authors state, “it 1is possible that conics
represent a very natural.....state of the magnetosphere...As such they are a
part of a more generalized polar wind and should be theoretically treated in a
more realistic, expanded polar wind theory.” This seems to represent our

current understanding very nicely.

3.2 " BEAMS

The term "ion beam™ has been used by the S$3-3 experimenters and some
others to distinguish upflowing ion distributions which show indications of
acceleration by a potential drop below the observation point (i.e., a peak
in f(vI). The scatistical_discribution of t§ese upflowing ion beams shows a
preference for the nightside auroral zones and inverted V regions (see Gorney
et al., 1981; Yau et al., 1984 and references therein) as the regions where
ion beams are seen. As discussed above, the artificial separation of up-
flowing ions into beams and conics may be breaking down as observatioans push
to lower energy. Nevertheless, the existence of ion beams as defined here, no
matter how low their energy, indicate that field-aligned potential drops exist
on the flux tubes which map to their remote source point. They can be used to
provide information about physical mechanisms which cause ion outlfow, but

they must be interpreted carefully.

The altitudinal distribution of the upflowing ion beams (Ghielmetti et
al., 1978; Gorney et al., 1981; Yau et al., 1984) has been used to predict the
lower bound of the potential drop associated with inverted-V events and elec-
trostatic shocks. This is generally quoted as 3000-4000 km. This lower bound
depends somewhat on the threshold eneréy used to define the ion beams, al-
though the results for a 90 eV and a 500 eV threshold are nearly identical
(Ghielmetti et all, 1978; Gorney et al., 1981; Collin et al., 1981).

Downward flowing lon beams have rarely been observed by the $3-3 satel-
lite (Fennell et al., 1979; Ghielmetti et al., 1979). At the equator
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(Richardson et al., 1981; Olsen, 1982 and references therein) and in the high
altitude ‘magnetosphere (Lundin et al., 1982) field-aligned ion beams are
observed fairly often during magnetically disturbed periods. Recently, down-
ward flowing ion beams have been observed on DE (Winningham et al., 1984).
These have been interpreted in terms of the convection electric field acting
on ions flowing out from the {onosphere in the opposite hemisphere. The
latitudinal (L-shell) displacement caused by inward convection acts as a
'velocity~filter' geparating the different lon energies and species. Thus, at
the equator, at high altitudes and at the opposite hemisphere from the source,
the ions would always appear as beams (i.e., peaked f(v“)). Therefore, once
the observing platform is far enough from the source/acceleration region that
the convection electric field plays a significant role in forming the observed
ion £(v) (i.e., see Fig. 5 of Winningham and Burch, 1985), the ion beams must

be carefully interpreted. These kinds of studies are just beginning to occur.

3.3 POLAR WIND

The escape of thermal ions from the ionosphere along field lines outside
the plasmasphere has been predicted by theory and inferred from density meas-
urements for some time (see Reiff, 1983 and references therein). The flow on
closed field lines outside the plasmasphere exists because of the dynmamic
emptying and refilling which occurs there in response to magnetic activity and
magnetospheric convection. The outer part of the magnetosphere contains flux
tubes which open into the magnetotail. On these open field lines the polar
wind becomes a source of ions for the plasma sheet or loses ions to the
interplanetary medium. (See reviews by Horwitz, 1982 and Young, 1983 and
references therein.) We will discuss here only those results pertaining to

the auroral oval and polar cap regions.

Direct measurements of the upward flowing thermal ions, that make uﬁ the
polar wind, were only recently made (Hoffman and Dodson, 1980; Gurgiolo and
Burch, 1982). The initial DE satellite results showed that a heated and
unheated component of the polar wind could be observed. They also showed that
the average energy of the upflowing ions was higher than theoretically ex-
pected, and that the accelerated component of cﬁe polar wind was observed on
each polar cap traversal (Chappell et al., 1982; Gurgiolo and Burch, 1982).

It was also noted that the polar cap photoelectrons showed anomalous distribu-
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More recently, it has been shown that the polar wind is supersonic with
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an average Mach number of 3, corresponding to a flow velocity of 16-25 km/sec

f:'f_ A

(Nagai et al., 1984). The H* flow matched classical polar wind theory. Thus,

4%

we know that the light ion component of the polar wind is supersonic. We also
know that a large fraction, 1f not all, of the time, the polar regions experi~-

.... ,
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ence significant ion heating and acceleration sufficient for the heated ioms,

both light and heavy, to obtain escape velocity.
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4. SUMMARY

We see that the electron and ion acceleration by parallel electric filelds
is substantiated for the inverted-V precipitation regions and many discrete
arcs., The detailed processes by which the potential drops are generated are
still being discussed. There is some evidence that the discrete arcs riy- be
associated with electrostatic shocks, except in the dawn oval. We also see
that pitch angle diffusion 18 still a good explanation for the diffuse aurora
but the existing models may need some refinements of detail. .The polar cap
precipitation is still an area where much work needs to be done to define the
source plasmas for the polar arcs, especially for IMF B, » 0. The polar rain
appears to be of solar origin, although there 1is not a consensus on this

point. The dawn side discrete oval arcs have not been studied very well at

this point. These arcs plus the pulsating aurora precipitation are still

topics for fruitful research both observationally and theoretically.

The ion outflow studies have been most fruitful in the last decade. We
now know that transverse acceleration of 1ions 1is observed throughout the
auroral zone and down to the plasmasphere. It appears that nearly all
ionospheric ion outflow, other than the classic polar wind; has its origin in
transverse acceleration which provides the escape energy (especially for
oxygen). The transverse acceleration occurs most often in the downward cur-

rent regions but 1is not restricted to these regions.

Once the ions leave the ionosphere they can be further accelerated either
perpendicular or parallel to the magnetic field and they are transported in
latitude in the combined magnetospheric electric and magnetic fields. Thus,

the ifonospheric ions are transported throughout the outer magnetosphere.
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LABORATORY OPERATIONS

. The Aerospace Corporation functions as an "architect-engineer” for
I national security projects, specializing in advanced military space systems.
Providing research support, the corporation’'s Laboratory Operations conducts
experimental and theoretical investigations that focus on the application of
sclentific and technical advances to such systems. Vital to the success of
these investigations is the technical staff's wide-ranging expertise and its
ability to stay current with new developments. This expertise 18 enhanced by
a research program aimed at dealing with the many problems associated with

»

rapidly evolving space systems. Contributing their capabilities to the
research effort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;

. spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,
spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions,
. atmospheric optics, light scattering, state-specific chemical reactions and
l radiative signatures of missile plumes, sensor out-of-field-of-view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lubrication and surface phenomena, thermionic emission, photo-
sensitive materials and infrared detectors, atomic frequency standards, and
environmental chemistry.

- Computer Science Laboratory: Program verification, program translatiom,
R performance-sensitive system design, distributed architectures for spaceborne
i computers, fault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro~optics, quantum
electronics, solid-state lasers, optical propagation and communications; micro-
wave semiconductor devices, microwave/millimeter wave measurements, diagnos-
tics and radiometry, microwave/millimeter wave thermonic devices; atomic time

D: and frequency standards; antennas, RF systems, electromagnetic propagation
i phenomena, space communication systems.

Materials Sclences Laboratory: Development of new materials: metals,
alloys, ceramics, polymers and thelr composites, and new forms of carbom; non-
destructive evaluation, component fallure analysis and reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as in space and enemy-induced
eanvironments.

Space Sclences Laboratory: Magnetospheric, auroral and coemic ray
phyesics, wave-particle interactions, magnetospheric plasma waves; atmospheric
and ionogpheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiation; solar physics, infrared astronomy,
infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth’s atmosphere, ionosphere and magnetosphere;

- effects of electromagnetic and particulate radiations on space systems; space
' {nstrumentation.
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